A novel, Gram-stain-positive, moderately halophilic, endospore-forming, motile, facultatively anaerobic and rod-shaped strain, designated 0W14
Moderately halophilic bacteria are defined as microorganisms with an optimal salt concentration of 3-15 % (w/v) [1] . The genus Lentibacillus was first proposed by Yoon et al. [2] , and at the time of writing, the genus comprises 15 species with validly published names (http://www. bacterio.net/lentibacillus.html). Most members of this genus are moderately halophilic, except the species Lentibacillus halophilus and Lentibacillus kimchii, which are extremely halophilic [3, 4] . In this study, a novel, moderately halophilic strain, isolated from a marine saltern, was characterized using a polyphasic approach. Based on the collective findings, the strain is proposed to represent a novel species of the genus Lentibacillus.
Strain 0W14
T was isolated from a marine saltern of Wendeng, China (36 57¢ 56.49 † N 122 0¢ 38.85 † E) on marine agar 2216 (MA; BD) supplemented with 7 % (w/v) NaCl. The sediment sample collected from a marine solar saltern was serially diluted to 10 À4 with sterilized seawater, and 0.1 ml aliquots of each dilution were spread onto MA supplemented with 7 % (w/v) NaCl. Strain 0W14
T was isolated after incubation at 37 C for 7 days, and stored at À80 C in sterile 15 % (v/v) glycerol supplemented with 1 % (v/v) NaCl.
The type strains Lentibacillus salicampi JCM 11462 T , Virgibacillus litoralis KCTC 13228 T , Virgibacillus pantothenticus JCM 20334
T and Oceanobacillus iheyensis JCM 11309 T , purchased from corresponding culture collection centres, were used as reference strains for comparative purposes and were cultivated under the same conditions as strain 0W14 T .
Genomic DNA of strain 0W14 T was extracted and purified using a bacterial genomic DNA kit (Takara) according to the manufacturer's recommendations. The genomic DNA G+C content of strain 0W14
T was determined from the genome sequence. The 16S rRNA gene was amplified by universal primers 27f [5] and 1492r [6] . Purified PCR products were ligated into the PMD18-T vector (Takara) and cloned using the manufacturer's instructions. Sequencing was performed by BGI, China. To ascertain the phylogenetic position of the novel strain, the nearly complete 16S rRNA gene sequence (1492 bp) of strain 0W14
T was submitted to the GenBank database to search for similar sequences using the BLAST algorithm and confirmed by accessing the EzTaxon-e server (http://www.ezbiocloud.net/) [7] . The 16S rRNA gene sequence of strain 0W14
T was aligned online using SINA [8] and manually edited by removing unaligned nucleotides at the ends. The aligned sequence was imported into the database of the Living Tree Project [9] release 128 using ARB software package [10] . Phylogenetic trees based on 16S rRNA gene sequences were reconstructed with the neighbour-joining method with Jukes-Cantor correction [11] , the maximum-likelihood method using RAxML 8 [12] with the GTRGAMMA model and the maximumparsimony method using DNAPARS version 3.6 [13] .
The nearly complete 16S rRNA gene sequence (1492 bp) of strain 0W14
T was used to determine its phylogenetic placement. Strain 0W14
T shared the highest 16S rRNA gene sequence similarity (96.0 %) with Virgibacillus litoralis KCTC 13228 T . At the genus level, strain 0W14 T shared highest 16S rRNA gene sequence similarity to the genus Virgibacillus (no more than 96.0 %), followed by Oceanobacillus (95.5 %) and Lentibacillus (95.3 %) within the family Bacillaceae. However, phylogenetic analysis using the neighbourjoining algorithm showed that strain 0W14
T formed a cluster with members of the genus Lentibacillus (Fig. 1) . The tree topology was supported by the maximumlikelihood and maximum-parsimony methods. These phylogenetic data suggested that strain 0W14
T represents a novel species of the genus Lentibacillus. Strain 0W14
T could be distinguished from reference strains by a number of physiological and biochemical characteristics, including the results of API and Biolog tests ( T 69.4 %, which are lower than the species threshold of 95-96 % [17] . It is suggested that strain 0W14
T represents a different species from these closely related strains.
The percentage of conserved proteins (POCP) between two genomes was calculated according to Qin et al. [18] . The POCP values between the genomes of strain 0W14
T and closely related strains are as follows: Lentibacillus jeotgali Grbi T 60.6 %, Lentibacillus amyloliquefaciens LAM0015 T 59.0 %, Virgibacillus salinus CGMCC 1.10449 61.6 % and Virgibacillus pantothenticus DSM 26 T 57.0 %. From these data, strain 0W14
T shared similar POCP values with the genera Lentibacillus and Virgibacillus. In addition, the POCP value, between strains of Lentibacillus persicus DSM 22350 and Virgibacillus salinus CGMCC 1.10449 (68.1 %), is higher than genus threshold of 60 % [18] . Based on the neighbour-joining tree ( Fig. 1) , the genera Lentibacillus and Virgibacillus formed a large clade. With the development of taxonomy, the genera Lentibacillus and Virgibacillus might be combined into one genus in the future. Lentibacillus sediminis 0W14 T (KX815122) * * * * * * * * * * * * * * * * * * * Fig. 1 . Neighbour-joining phylogeny reconstructed from 16S rRNA gene sequences of strain 0W14 T and its closest relatives of the family Bacillaceae. The database of LTP release 128 was used. The tree was generated in ARB using Jukes-Cantor correction. Bootstrap values (>50 %) of neighbour-joining, maximum-likelihood, and maximum-parsimony methods are shown at the nodes. Asterisks indicate that the corresponding nodes were recovered reproducibly by all treeing methods. Bar, 0.01 substitutions per nucleotide position.
Strains for phenotypic tests were incubated at 37 C for 1--2 days on MA supplemented with 3 % (w/v) NaCl. Cell morphology and size were observed using transmission electron microscopy (JEM-1200; JEOL). Endospores were observed by phase-contrast microscopy (Eclipse E600; Nikon) using cells cultivated on MA supplemented with 3 % (w/v) NaCl, at 37 C for 1 week. Motility was determined by the hanging-drop technique [19] . Strain 0W14
T grew well on marine broth 2216 (MB; BD) supplemented with 3 % (w/v) NaCl and 0.2 % (w/v) glucose. To determine the temperature conditions for growth, strains were cultured on MA at different temperatures (4, 10, 16, 20, 25, 28, 30 , 33, 37, 42, 45 and 50 C). Salt tolerance was tested by using NaCl-free MB (prepared according to the modified MB formula without NaCl) supplemented with different NaCl concentrations [0--22 % (w/v), at intervals of 1 %] and 0.2 % (w/v) glucose. The effects of pH were determined by adding the appropriate buffers, including MES (for pH 5.5 and 6.0), PIPES (for pH 6.5 and 7.0), HEPES (for pH 7.5 and 8.0), Tricine (for pH 8.5) and CAPSO (for pH 9.0, 9.5 and 10.0), to MB supplemented with 3 % (w/v) NaCl and 0.2 % (w/v) glucose; the buffers were added at a concentration of 20 mM. The results for temperature, salt tolerance and pH were recorded by measuring the OD 600 every 12 h. Gram staining was tested as described by Smibert and Krieg [20] . Reduction of nitrate was performed as described by Cowan and Steel [21] . Anaerobic growth was tested after incubation for 2 weeks at 37 C on MA supplemented with 3 % (w/v) NaCl with or without 0.1 % (w/v) KNO 3 , in an anaerobic chamber filled with a gas mixture (N 2 : H 2 : CO 2 at 80 : 10 : 10, by vol.). Oxidase activity was examined using the bioM erieux oxidase reagent kit according to the manufacturer's instructions. Catalase activity was detected via bubble production in 3 % (v/v) H 2 O 2 . Tests for hydrolysis of starch, CM-cellulose and Tweens 20, 40, 60 and 80 were determined according to the methods of Dong and Cai [22] . Susceptibility to antibiotics was assessed using antibiotic discs on MA supplemented with 3 % (w/v) NaCl and incubated at 37 C for 48 h. Tests for other physiological or biochemical characteristics were performed using API 20E, API ZYM, API 50CHB strips (all from bioM erieux) and GEN III MicroPlates (Biolog), according to the manufacturers' instructions, except that the salinity was adjusted to 6.0 %. All the API and Biolog tests were performed in duplicate, with appropriate positive and negative controls. 
Acid production from (API 50 CHB): Colonies of strain 0W14 T on MA were cream to pink after incubation for 2 days at 37 C. Cells of strain 0W14 T were Gram-stain-positive, moderately halophilic, motile, rodshaped, facultatively anaerobic and approximately 0.4-0.6 µm in width and 1.2-2.3 µm in length. Peritrichous flagella were observed by transmission electron microscopy (Fig. S1 , available with the online Supplementary Material). Oval subterminal endospores were formed in swollen sporangia (Fig. S2) . Growth occurred at C, pH 7.0-9.5, and in the presence of 1.0-20.0 % (w/v) NaCl. Optimal growth was observed at 37 C, pH 7.5, and in the presence of 6.0 % (w/v) NaCl. Though no growth occurred in anaerobic conditions, the isolate can still be considered as a facultatively anaerobic strain because acid could be produced from carbohydrates in anaerobic conditions. Strain 0W14 T was sensitive to acetylspiramycin (30 µg), erythromycin (15 µg), vancomycin (30 µg), rifampicin (5 µg), chloromycetin (30 µg), cefotaxime (30 µg), ceftriaxone (30 µg), ampicillin (10 µg) and tobramycin (10 µg), but resistant to gentamicin (10 µg), tetracycline (30 µg), kanamycin (30 µg), streptomycin (10 µg), penicillin (10 µg) and norfloxacin (30 µg). The complete morphological, physiological and biochemical characteristics of strain 0W14
T are provided in the species description and Table 1 .
T and reference strains cultured on MA supplemented with 3 % (w/v) NaCl, at 37 C for 48 h were used to determine the fatty acid composition. Cellular fatty acids were determined using the Sherlock Microbial Identification System (MIS; MIDI) version 6.1 equipped with an Agilent model 6890 N gas chromatograph. Peaks were automatically integrated and fatty acid names and percentages were determined using MIS standard software with the TSBA40 database. For analyses of respiratory quinones, polar lipids and peptidoglycan structure, cells were collected and freezedried after incubation at 37 C for 48 h in MB supplemented with 3 % (w/v) NaCl and 0.2 % (w/v) glucose. A silica-gel TLC plate (Merck Kieselgel 60 F 254 ) was used to analyse the quinone type, and the content of each quinone type was subsequently analysed via HPLC, as described previously [23] . Polar lipids were extracted from 200 mg freeze-dried cell material and separated via two-dimensional silica gel TLC. Total lipid material was detected using molybdatophosphoric acid, and the functional groups were determined using spray reagents specific for particular functional groups; complete details are provided by Tindall et al. [24] . The peptidoglycan structure of the cell wall of strain 0W14
T was determined according to published protocols [25] . The polar lipids and peptidoglycan structure of the cell-wall were determined by the Identification Service of the Leibniz-Institute Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ), Braunschweig, Germany.
The sole respiratory quinone of strain 0W14
T was MK-7, which is similar to the members of the genus Lentibacillus. The predominant cellular fatty acid (>10.0 %) in strain 0W14
T was anteiso-C 15 : 0 (62.0 %) which is similar to the reference strain Lentibacillus salicampi JCM 11462
T .
However, the lack of anteiso-C 17 : 0 could distinguish strain 0W14 T from the reference strain Lentibacillus salicampi JCM 11462
T . Detailed fatty acid compositions of strain 0W14
T and the reference strains are listed in Table 2 . The polar lipid profile of strain 0W14
T consisted of diphosphatidylglycerol, phosphatidylglycerol, two unknown glycolipids and four unknown phospholipids (Fig. S3) . The cell-wall peptidoglycan of strain 0W14
T was of type A4b L-Orn-DGlu, differing from most members of genus the Lentibacillus, which have type A1g (meso-diaminopimelic acid direct).
Based on data from this current study, strain 0W14
T represents a novel species of genus Lentibacillus, for which the name Lentibacillus sediminis sp. nov. is proposed. 
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